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TITLE OF THE INVENTION 

ACTUATOR AND OPTICAL PICKUP USING THE SAME 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] This application claims the priority of Korean Patent Application No. 2002-55637, filed 
on September 13, 2002, in the Korean Intellectual Property Office, the disclosure of which is 
incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0002] The present invention relates to an actuator and an optical pickup using the same, 
and more particularly, to an actuator suitable for an optical recording and/or reproducing 
apparatus of high-density and/or high-speed that can detect a relative tilt between an optical 
disc used as an optical recording medium and an objective lens, and to an optical pickup using 
the same. 

2. Description of the Related Art 

[0003] In general, optical pickups are installed in optical recording and/or reproducing 
apparatuses to record and/or reproduce information on and/or from an optical disc while moving 
along a radial direction of the optical disc and not contacting the optical disc. 

[0004] The recent trend is for recording and/or reproducing apparatuses that are miniaturized 
and lightweight, and require high-density and high-speed optical discs. 

[0005] For high-density optical discs, if a numerical aperture (NA) of an objective lens used in 
optical pickups increases, and a wavelength of a light source is decreased, a tilting margin of 
the optical discs is decreased. 

[0006] Accordingly, a recent optical recording and/or reproducing apparatus of high-density 
and/or high-speed indispensably includes an optical pickup having an actuator that corrects a 
relative tilt between an optical disc and an objective lens, and a tilt servo system. 
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[0007] To correct the relative tilt between the optical disc and the objective lens using the 
actuator that moves the objective lens in a tilting direction, a tilt of the optical disc and/or a tilt 
amount of the objective lens, and a tilting direction must be detected. 

[0008] Accordingly, as shown in FIG. 1 , a general optical recording and/or reproducing 
apparatus further includes a tilt detecting sensor 5 in addition to an actuator 3. 

[0009] The tilt detecting sensor 5 includes a light source which is installed to emit light toward 
an optical disc 1 , and a photodetector (not shown) receiving light reflected from the optical disc 
1 . The amount of light received by the photodetector depends on a tilt amount of the optical 
disc 1. 

[0010] But in a case where the tilt detecting sensor 5 is provided in addition to the actuator 3 
as described above, it is difficult to detect a tilt of an objective lens 4 when the objective lens 4 is 
tilted with respect to an optical axis of a center of recording and/or reproducing light. 

SUMMARY OF THE INVENTION 

[0011] The present invention provides an actuator suitable for an optical recording and/or 
reproducing apparatus of high-density and/or high-speed that can detect a tilt of an objective 
lens as well as a tilt of an optical disc, and provides an optical pickup using the same. 

[0012] According to an aspect of the present invention, there is provided an optical pickup 
actuator moving the objective lens in a tracking direction, a focusing direction, and a tilting 
direction. The optical pickup actuator has: a lens holder, on which the objective lens is 
mounted; and a tilt photodetector, which is installed in the lens holder and receives a portion of 
light used to record information on and/or reproduce information from a recording medium 
according to a relative tilt between the objective lens and the recording medium, thereby 
detecting the relative tilt between the objective lens and the recording medium. 

[0013] According to an aspect, the tilt photodetector is installed at a lower portion of the 
objective lens. 

[0014] According to an aspect, the lens holder has a stepped through-hole with a stepped 
portion, and the tilt photodetector is installed on the stepped portion of the stepped through- 
hole, so that the tilt photodetector is installed at the lower portion of the objective lens. 
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[001 5] According to an aspect, the tilt photodetector has at least two tilt photodetectors, 
which are disposed in a radial direction of the recording medium, to detect a relative radial tilt 
between the recording medium and the objective lens; and/or at least two tilt photodetectors, 
which are disposed in a tangential direction of the recording medium, to detect a relative 
tangential tilt between the recording medium and the objective lens. 

[0016] According to an aspect, the tilt photodetectors are disposed on opposing sides of the 
lower portion of the objective lens along the radial direction and/or the tangential direction of the 
recording medium, to detect a radial tilting direction and/or a tangential tilting direction. 

[0017] According to an aspect of the present invention, there is provided an optical pickup. 
The optical pickup has: a light unit that emits light to record information on and/or reproduce 
information from a recording medium, and detects light reflected from the recording medium so 
that an information signal and/or an error signal is detected; an objective lens that focuses light 
emitted from the light unit and positions a light spot on a recording surface of the recording 
medium; and an optical pickup actuator moving the objective lens in a tracking direction, a 
focusing direction, and a tilting direction, and detecting a relative tilt between the objective lens 
and the recording medium, wherein the optical pickup includes a lens holder, on which the 
objective lens is mounted, and a tilt photodetector, which is installed in the lens holder and 
receives a portion of the light according to the relative tilt between the objective lens and the 
recording medium. 

[0018] Additional aspects and advantages of the invention will be set forth in part in the 
description which follows and, in part, will be obvious from the description, or may be learned by 
practice of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] These and/or other aspects and advantages of the invention will become apparent 
and more readily appreciated from the following description of the embodiments taken in 
conjunction with the accompanying drawings in which: 

FIG. 1 schematically illustrates a conventional tilt detecting sensor; 
FIG. 2 schematically illustrates an optical pickup using an actuator according to an 
embodiment of the present invention; 
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FIG. 3 illustrates a main part of the optical pickup actuator of FIG. 2; 
FIG. 4 illustrates a first example of disposition of tilt photodetectors of the optical pickup 
actuator of FIG. 2; 

FIG. 5 illustrates a second example of disposition of tilt photodetectors of the optical 
pickup actuator of FIG. 2; 

FIG. 6 illustrates an optical path of light reflected from an optical disc when an objective 
lens and the optical disc are not tilted; 

FIG. 7 illustrates the optical path of light reflected from the optical disc when the 
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FIG. 8 illustrates the optical path of light reflected from the optical disc when the optical 
disc is not tilted and the objective lens is tilted. 



DETAILED DESCRIPTION 

[0020] Reference will now be made in detail to the embodiments of the present invention, 
examples of which are illustrated in the accompanying drawings, wherein like reference 
numerals refer to the like elements throughout. The embodiments are described below to 
explain the present invention by referring to the figures. 

[0021] Optical pickup actuators move an objective lens in a tracking direction, a focusing 
direction, and/or a tilting direction to position a light spot on a precise location of an optical disc, 
using light emitted from a light source. A tracking direction movement indicates the adjustment 
of the objective lens in a radial direction of the optical disc to position the light spot at the center 
of a track of the optical disc. 

[0022] FIG. 2 schematically illustrates an optical pickup using an actuator 30 according to an 
embodiment of the present invention, and FIG. 3 illustrates a main part of the optical pickup 
actuator 30 of FIG. 2. 

[0023] Referring to FIGS. 2 and 3, the optical pickup has: a light unit 20; an objective lens 50, 
which focuses light 21 emitted from the light unit 20 and positions a light spot on a recording 
surface of an optical disc 10; and an actuator 30. 
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[0024] The light unit 20 emits light to record and/or reproduce information on and/or from the 
optical disc 10, and detects light reflected from the optical disc 10 and then transmitted toward 
the light unit 20, thereby detecting an information signal and/or an error signal. 

[0025] Optical structures of components of the optical pickup, including a light source of the 
light unit 20, can be modified to meet the demands of optical recording and/or reproducing 
apparatuses in which the optical pickup is used. For example, according to one aspect, when 
the optical pickup is used in recording and/or reproducing information on and/or from at least 
some of the CD (compact disc) family of optical discs and/or at least some of the DVD (digital 
versatile disc) family of optical discs, the light unit 20 is a single light source emitting light of a 
red wavelength suitable for a DVD. According to another aspect, the light unit 20 has two light 
sources, emitting light of a red wavelength suitable for a DVD from one of the two light sources, 
and emitting light of an infrared wavelength suitable for a CD from the remaining one of the two 
light sources. 

[0026] Referring to FIG. 3, the optical pickup actuator 30 has: a lens holder 31 , on which the 
objective lens 50 is mounted; and a tilt photodetector 40, which is installed on the lens holder 31 
and detects a tilt by using the light 21 , which is used to record and/or reproduce information on 
and/or from the optical disc 10. The optical pickup actuator 30 moves the objective lens 50 in a 
tracking direction, a focusing direction, and a tilting direction. 

[0027] According to one aspect, the tilt photodetector 40 is installed at a lower portion of the 
objective lens 50, to detect a relative tilt between the objective lens 50 and the optical disc 10. 

[0028] As shown in FIG. 3, the tilt photodetector 40 is installed at the lower portion of the 
objective lens 50 by positioning a stepped through-hole 33 in the lens holder 31 , and installing 
the tilt photodetector 40 in a stepped portion 35 of the stepped through-hole 33. 

[0029] The optical pickup actuator 30 according to the present invention has at least two tilt 
photodetectors. 

[0030] FIG. 4 illustrates a first example of disposition of tilt photodetectors in the optical 
pickup actuator 30. 

[0031] As shown in FIG. 4, the optical pickup actuator 30 is configured such that two tilt 
photodetectors 41 and 43 are disposed in a radial direction of the optical disc 10. 
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[0032] According to one aspect, the tilt photodetectors 41 and 43 are disposed symmetrically 
with respect to a central optical axis C of the optical pickup, that is, right and left sides of the 
lower portion of the objective lens 50, along the radial direction of the optical disc 10. If the tilt 
photodetectors 41 and 43 are disposed as described above, an occurrence of the radial tilt can 
be determined. Further, a direction of radial tilt can be determined. 

[0033] The optical pickup actuator 30has a magnetic circuit 37 to move the objective lens 50 
in the tracking direction, the focusing direction, and the tilting direction. 

[0034] According to one aspect, when the tilt photodetectors 41 and 43 are disposed aiong 
the radial direction of the optical disc 10 to detect the radial tilt, as shown in FIG. 4, the magnetic 
circuit 37 includes a triaxial movement. The triaxial movement has a focusing direction 
movement, a tracking direction movement, and a radial tilting direction movement. 

[0035] As previously noted, according to one aspect, the tilt photodetectors 41 and 43 are 
disposed along the radial direction of the optical disc 10, as illustrated in FIG. 4 and in the first 
example, butaccording to another aspect, the tilt photodetectors 41 and 43 are disposed in a 
tangential direction to the optical disc 10, to detect a tangential tilt. The magnetic circuit 37 is 
configured such that the objective lens 50 is moved in the tracking direction, the focusing 
direction, and the tangential tilting direction. 

[0036] FIG. 5 illustrates a second example of a disposition of tilt photodetectors in the optical 
pickup actuator 30. 

[0037] As shown in FIG. 5, two tilt photodetectors 41 and 43 are disposed in the radial 
direction of the optical disc 10, and two tilt photodetectors 45 and 47 are disposed in the 
tangential direction of the optical disc 10, thereby detecting both a radial tilt and a tangential tilt. 

[0038] According to one aspect, the tilt photodetectors 41 and 43 to detect the radial tilt, are 
disposed symmetrically with respect to the central optical axis C of the optical pickup, along the 
radial direction of the optical disc 10. Further, the tilt photodetectors 45 and 47 to detect the 
tangential tilt are disposed symmetrically with respect to the central optical axis C of the optical 
pickup, along the tangential direction of the optical disc 10. 

[0039] When the tilt photodetectors 41 and 43 to detect the radial tilt, and the tilt 
photodetectors 45 and 47 to detect the tangential tilt, are disposed as described above, the 
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occurrence of radial tilt and tangential tilt can be determined. Further, the directions of radial tilt 
and tangential tilt can be determined. 

[0040] When the four tilt photodetectors 41 , 43, 45 and 47 are disposed along the radial 
direction and the tangential direction of the optical disc 10 to detect radial tilt and tangential tilt, 
as shown in FIG. 5, according to one aspect, the magnetic circuit 37 includes a quadriaxial 
movement. The quadriaxial movement has the focusing direction movement, the tracking 
direction movement, the radial tilting direction movement, and a tangential direction movement. 

[0041] Whether the optical pickup actuator 30 has a triaxial or quadriaxial movement, 
depends on the configuration of the magnetic circuit 37. Accordingly, the optical pickup actuator 
30 that has a tilt photodetector to detect radial tilt or a tilt photodetector to detect tangential tilt 
has a triaxial movement. And the optical pickup actuator 30 that has a tilt photodetector to 
detect radial tilt and a photodetector to detect tangential tilt has a quadriaxial movement. 

[0042] Since the triaxial and quadriaxial movements are well known to those of ordinary skill 
in the art, their descriptions will be omitted. 

[0043] The optical pickup actuator 30 has a supporting member (or suspension), which 
supports the lens holder 31 and allows movement of the lens holder 31 on a base (not shown). 
Further, the optical pickup actuator 30 is configured such that the lens holder 31 , on which the 
objective lens 50 (or moving unit) is placed, and a portion of the magnetic circuit 37 installed in 
the lens holder 31 , are moved on the base in the focusing direction, the tracking direction, and 
the tilting direction. Since the general structure of the optical pickup actuator 30 is well known to 
those of ordinary skill in the art, a description thereof will be omitted. 

[0044] Hereinafter, a method to determine tilt of the optical disc 1 0 or the objective lens 50, 
will be described with reference to FIGS. 6 through 8. [when] Two tilt photodetectors 40a and 
40b are disposed symmetrically with respect to the central optical axis C of the optical pickup, 
that is, the central optical axis of light 21 , along the radial direction and/or the tangential 
direction of the optical disc 10. Light 21 is emitted from the light unit 20 and then travels toward 
the objective lens 50. 

[0045] As shown in FIG. 6, when the optical pickup actuator 30, or more precisely, both the 
objective lens 50 and the optical disc 10, are not tilted, light 21 which is emitted from the light 
unit 20, focused by the objective lens 50, and is incident on the optical disc 10, is reflected from 
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the optical disc 10, and returns to the light unit 20 along its original path, so that no light signals 
are detected by the tilt photodetectors 40a and 40b. 

[0046] However, as shown in FIG. 7, when the objective lens 50 is not tilted, but the optical 
disc 10 is tilted, a portion of the light 21 reflected from the optical disc 10 travels toward the tilt 
photodetector 40b, due to the tilt of the optical disc 10, and a light signal is detected in the tilt 
photodetector 40b. When the optical disc 10 is tilted in a direction opposite to a tilting direction 
shown in FIG. 7, a light signal is detected in the tilt photodetector 40a. 

[0047] A tilt amount of the optical disc 1 0 is determined from amplitudes of light signals 
detected in the tilt photodetectors 40a and 40b, and a tilting direction of the optical disc 10 is 
determined from a difference in the amplitudes of the light signals detected in the tilt 
photodetectors 40a and 40b. Thus, a driving signal in the tilting direction is applied to the 
magnetic circuit 37 of the actuator 30 using the amplitudes of the detected light signals, and the 
difference between the amplitudes of the detected light signals, so that the objective lens 50 is 
moved in a tilting direction corresponding to the tilting of the optical disc 10 shown in FIG. 7. 
Consequently, the tilt of the optical disc 10 is compensated for in such a way that the relative tilt 
between the optical disc 10 and the objective lens 50 is removed. 

[0048] As shown in FIG. 8, when the optical disc 10 is not tilted but the objective lens 50 is 
tilted, a portion of the light 21 reflected from the optical disc 10 travels toward the tilt 
photodetector 40a due to the tilt of the objective lens, and a light signal is detected in the tilt 
photodetector 40a. When the objective lens 50 is tilted in a direction opposite to a tilting 
direction shown in FIG. 8, a light signal is detected by the tilt photodetector 40b. 

[0049] Similar to the tilt of the optical disc 10, a tilt amount of the objective lens 50 is 
determined from the amplitudes of light signals detected in the tilt photodetectors 40a and 40b, 
and a tilting direction of the objective lens 50 is determined from a difference in the amplitudes 
of the light signals detected in the tilt photodetectors 40a and 40b. Thus, a driving signal in the 
tilting direction is applied to the magnetic circuit 37 of the actuator 30 using the amplitudes of 
the detected light signals and the difference between the amplitudes of the detected light 
signals, so that the objective lens 50 is moved in a tilting direction opposite to the tilting 
direction shown in FIG. 8, and the tilt of the objective lens 50 is compensated for in such a way 
that a relative tilt between the optical disc 10 and the objective lens 50 is removed. Here, the tilt 
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compensation of the objective lens 50 may be performed by adjusting the entire skew of the 
optical pickup. 

[0050] FIGS. 7 and 8 exaggeratingly show an optical path of the light reflected from the 
optical disc 10 to explain the respective tilts of the optical disc 10 and the objective lens 50. In 
fact, the respective tilts of the optical disc 10 and the objective lens 50 are much less than those 
shown in FIGS. 7 and 8, and only a portion of the light reflected from the optical disc 10 is 
received by the tilt photodetectors 40a and 40b. 

[0051] As can be seem from FiGS. 6 through 8, in the actuator 30 and the optical pickup 
using the same, the tilt of the optical disc 10 and the tilt of the objective lens 50 is determined. 
That is, the relative tilt between the optical disc 10 and the objective lens 50 is determined. 

[0052] As shown in FIG. 4, in the case where the tilt photodetectors 41 and 43 are provided 
to detect radial tilt and the radial tilting direction and the magnetic circuit 37 performs the triaxial 
movement including the radial tilting direction movement, the actuator 30 and the optical pickup 
using the same corrects a relative radial tilt between the optical disc 10 and the objective lens 
50. 

[0053] In the case where the tilt photodetectors 41 and 43 are provided to detect tangential 
tilt and the tangential tilting direction and the magnetic circuit 37 performs the triaxial movement 
including the tangential tilting direction movement, the actuator 30 and the optical pickup using 
the same corrects a relative tangential tilt between the optical disc 10 and the objective lens 50. 

[0054] As shown in FIG. 5, in the case where the tilt photodetectors 41 , 43, 45, and 47 are 
provided to detect radial tilt, the radial tilting direction, tangential tilt, and the tangential tilting 
direction, and the magnetic circuit 37 performs the quadriaxial movement including the radial 
tilting direction movement and the tangential tilting direction movement, the actuator 30 and the 
optical pickup using the same corrects the relative radial tilt and/or the relative tangential tilt 
between the optical disc 10 and the objective lens 50. 

[0055] According to the present invention, the tilt of the optical disc 1 0 and the tilt of the 
objective lens 50 (that is, the tilt of the actuator 30) is detected by a single tilt detecting system. 
Also, the relative radial tilt and/or the relative tangential tilt between the optical disc 10 and the 
objective lens 50 is corrected using the single tilt detecting system. 
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[0056] Hence, if the present invention is applied to a high-density and/or high multiple-speed 
optical recording and/or reproducing apparatus, for example, an optical recording and/or 
reproducing apparatus which records and/or reproduces several optical discs, including a DVD- 
RAM, a tilt servo system can be implemented. 

[0057] As described above, since an actuator according to an embodiment of the present 
invention and an optical pickup using the same can detect a relative tilt between an optical disc 
and an objective lens, that is, a tilt of the optical disc and a tilt of the objective lens, by using 
photodetectors for tilt detection installed in a lens holder of the actuator, the optical pickup 
according to an embodiment of the present invention can be applied to optical recording and/or 
reproducing apparatuses of high-density and/or high-speed. 

[0058] Further, since the relative tilt between the optical disc and the objective lens can be 
detected using recording and/or reproducing light, an additional light source for tilt detection is 
not required, and manufacturing costs of the optical pickup can be reduced. 

[0059] Although a few embodiments of the present invention have been shown and 
described, it would be appreciated by those skilled in the art that changes may be made in this 
embodiment without departing from the principles and spirit of the invention, the scope of which 
is defined in the claims and their equivalents. 



10 



